[Abstract] In this paper, our protocol for preparation of brain synaptosomes is described. Synaptosomes 
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Note:
All steps are performed on ice (4 °C) unless otherwise specified.
2. Homogenize thoroughly: Using con-torque homogenizer and glass tubes the mixture is subjected to vigorous manual homogenization (15 strokes) (Figure 1 ).
3. Centrifuge at 1,000-1,500 x g for 10 min to remove the nuclear debris (use Avanti J-25 centrifuge and centrifuge tubes [round bottom]).
The resulting supernatant (S1) is transferred to a new tube while the pellet (P1) is further
homogenized with an equal volume of sucrose buffer (Recipe 1) and re-centrifuged under the same conditioned to yield supernatant (S1') and pellet (P1').
5. The supernatants S1 and S1' are combined and centrifuged at 20,000 x g for 30 min (Use Avanti J-25 centrifuge and centrifuge tubes [round bottom]).
6. The resulting pellet (P2) is crude synaptosome fraction (Figure 1 ). 7 . Discard S2 and note the discarded volume. The pellet (P2) is washing by gently swirling it in fresh sucrose buffer whose volume is equivalent to the discarded supernatant (S2).
Note: Don't pipette up and down, but only gently swirl the tube to resuspend P2.
8.
The solution is then centrifuged again at 20,000 x g for 30 min to yield the wash crude synaptosomes (P2'). From one rat brain, it is about 1 ml. Use Avanti J-25 centrifuge and 
Uses of isolated synaptosomes
Synaptosomal preparations can be used for investigation of neurotransmitter release (Figure 1) (neuronal depolarization) upon stimulation with high potassium as well for analysis of mechanisms of neurotransmitter release from a presynaptic neuron which can be calcium dependent or calcium independent (Wu et al., 1973; Wu, 1982; Bao et al., 1995) . Furthermore, synaptic vesicles may be prepared from synaptosomes for analysis of GABA uptake into vesicles as well as analysis of the GAD 2. The diluted synaptosomal lysate is homogenized as described above and incubated on ice for 45 min. 6. Add 500 μl of standard GAD buffer (see Recipe 4) to each fraction to remove any contaminating diluting cytosolic fractions (S3) and tight pellet (P4) are washed three times. The pellets are to be used for the steps which are listed below in the details of GABA uptake assay. E. GABA uptake method (Jin et al., 2003) 1. Crude SVs are purified as described above and mixed with anti-GAD65 IgG-coupled oxirane acrylic beads (Sigma O9754) for purification of GABAergic specific SVs. AntiGAD65 antibody -SV beads (2 mg of protein per ml) are incubated in 100 microliters total volume with 4 mg/ml of SV (final concentration: 2 mg/ml), 120 µg/ml pyruvate kinase (final concentration: 60 µg/ml in GPBS buffer (see Recipe 5)].
2. Incubate SV mixture at 32 °C for 2 min. 
2015)
GAD65 is attached to SVs by creating a protein complex (first with Heat Shock Cognate: HSC70) that was discovered through the attachment to proteins on SVs, e.g., CSP, VGAT, and (anticalmodulin-dependent kinase II) CaMKII. This protein complex functions as a machine to verify that GABA biosynthesis and packaging into the SV is exactly coupled. This illustrates a functional and structural coupling of GABA synthesis, regulation, and packaging into SVs.
The physiological events initiated by neuronal stimulation through activation of SV-associated GAD and the subsequent packaging of GABA into the SV can be explained as below.
GABA is distributed by exocytosis after the onset of an action potential. The SV is recycled by a process involving clathrin-coated pits. The clathrin coat is then separated from the vesicles through interaction with HSC70. Vesicles are then returned to the resting state of SVs, where the proton gradient is returned by V-ATPase. GAD65 is stimulated through protein phosphorylation by a proton gradient dependent protein kinase. One of the candidates for the protein kinase is CaMKII. GABA that has been newly synthesized by GAD65 is then carried into SVs by VGAT. These refilled GABAcontaining SVs are prepared to be released upon onset of a new action potential. SGAD is activated by calcineurin-mediated dephosphorylation and inhibited by protein kinase A-mediated protein phosphorylation. When GABA neurons are excited, the influx of Ca 2+ into the terminal results in dephosphorylation and activation of SGAD/GAD67 (L-glutamic acid decarboxylase with molecular weight of 67 kDa). GABA synthesized by SGAD/GAD67 in the cytosol may also be transferred into SVs, although it represents a minor pathway. Cytosolic GABA may also be metabolized to create ATP through the GABA shunt pathway, which may be utilized to preserve the electrochemical proton gradient for GABA transport. GAD65 is mainly responsible for the synthesis of GABA to be utilized as a neurotransmitter, whereas GAD67 is employed for GABA to be used for other functions such as serving as a signaling molecule in growth, a source of increased cell viability, and a source of GABA released via nonvesicular mechanism.
Copyright © 2017 The Authors; exclusive licensee Bio-protocol LLC. The stimulation of the glutamic acid decarboxylase (GAD) enzymes GAD65 and GAD67 switches GABA neurotransmission at the pre-synaptic site. Transcription or mRNA splicing controls concentrations of GAD65 and GAD67. Post-translational modifications include proteolytic cleavage, phosphorylation and palmitoylation, that regulate the activities of these key enzymes (Wei et al., 2004) . A truncated form of GAD65 (tGAD65) is more dynamic than full-length GAD65 (fGAD65) although, by comparison, truncated GAD67 (tGAD67) is less active than full-length GAD67 (fGAD67). The protein mu-calpain is responsible for cleaving of fGAD65 and fGAD67.
GABA neurotransmission is dependent on whether GAD is associated with synaptic vesicles (SV) and calpain carries out a critical function by producing the highly active tGAD65 causing in increased GABA synthesis and packaging uptake into SV.
It is known that reversible protein phosphorylation is a key mechanism responsible for the regulation PKCε regulates GAD65 phosphorylation while GAD67 is inhibited through phosphorylation by PKA.
Cysteine residues 455 and 446 in GAD67 and GAD65 alone are vital for full-length GAD regulation.
T91 was shown to be a key phosphorylation site for GAD67 and T95 in hGAD65 was shown to be phosphorylated by kinase C ε (PKCε) by analysis using matrix-assisted laser desorption/ionizationtime of flight (MALDI-TOF) mass spectrometry. Cooperation with the cofactor PLP at these respective targets controls the switch between PLP-bound active holoGAD and an unbound active apo GAD form. Temporary switching to the PLP bound active holoGAD is vital to GABA neurotransmission. Specific to GAD65 but not GAD67 is palmitoylation by (Huntingtin-interacting protein) HIP14 which accelerates GAD65 anchoring to SV and increases the input of vesicular GABA to neurotransmission.
Data analysis
Data for all experiments are analyzed with Prism or SPSS software. The statistical significance of the data is determined by t-tests or one-way analysis of variance (ANOVA). P values of less than 0.05 are considered significant. The data appears to be normally distributed with similar standard deviations and standard errors observed between and within experimental groups. 
